The Trichoderma based emulsifiable mycofungicide for controlling foliar diseases lessened the yield loss to economically acceptable level with significant increase of the quality of product. The amount of phylloplane originated T. harzianum and T. parceramosum strains containing liquid formulation, to be applied as leaf spray, might be reduced in two order of magnitude as compared to the solid preparations to achieve the same effect. Both sensitivity of 13 phytopathogenic fungi to antifungal properties of toxic substances released by 32 Trichoderma strains and their susceptibility to the same were examined during development of new mycofungicide. Both toxin production of Trichodermas and the sensitivity of target fungi varied within large limits, being Pythium irregulare the most, while Phytophthora infestans and Macrophomina phaseolina the less tolerant. The sensitivity responses of fungi to toxins correlated to their susceptibility to antagonists. The spectrum of antagonists of pathogenic fungus or targets of Trichoderma strain proved to be unpredictable. Conidia of Trichoderma strains in liquid paraffin (LP) of pharmaceutical quality (LP PQ) survived over 2 years. However, in commercial LP the shelf life of them significantly decreased in strain dependent manner, and the presence of emulsifiers selectively reduced the survival rate as well. The LP PQ was not phytotoxic in therapeutic doses, but commercial LP proved to be toxic when applied as leaf spray independently on the emulsifiers. Both fungitoxic and phytotoxic contaminants of commercial LP could be eliminated with activated carbon.
plore this feature for controlling phytopathogenic fungi [2] . Nowadays biology of this genus is intensively studied and various strains are used in diverse fields of human practices [3] [4] [5] . Examination of numerous strains revealed that the antagonism is a common property of Trichoderma species and they usually can parasite the phytopathogenic fungi [3] [6] [7] [8], although these features are strongly influenced by environmental conditions [9] [10] . Since discovery of Weidling [1] large Trichoderma based industry has been developed, and diverse ways of their use have been patented (Table 1) as well as several hundred Trichoderma based preparations have been commercialized to prevent yield losses caused by phytopathogenic microbes [11] . These mycofungicides -mostly selected strains of T. harzianum and T. viride -perform well both in laboratory and model applications, but sometimes are less effective in the field where strains must tolerate a wide range of climatic, edaphic and biotic factors [10] [12] [13] [14] . We should remark that some T. harzianum strains seemingly are in reality T. asperellum, thus the taxonomic position of strains needs verification applying recent molecular methods [15] .
About four fifths of commercialized Trichoderma formulations are wettable powders or granules containing dried propagules (conidia and chlamydospores) All together of a given concentration to be mixed with water or diluted with suitable solid material prior to use [16] , and applied by diverse methods [11] . The rate of use varies between 50 -300 kg•ha −1 that is realistic for soil applications of homemade products to be used in small plots [16] but hinders both their wholesale marketing and expansive use in big farms. The narrow compatibility of eubiotic biocides with pesticides containing synthetic active ingredients also limits their integration into recent pest management programs with special regard to their application against canopy threatening pathogens, where the use of modern synthetic pesticides is inevitable due to the required high sureness of the protective effect (ornamental plants, leafy vegetables, fruits etc.). In the cases of integrated use the sensitivity of the antagonist to inert ingredients (surfactants, liquid or solid carriers, etc.) can also be a restricting factor [14] . Nevertheless, the liquid formulations containing Trichoderma propagules has great advantages thus we started to develop an eubiotic preparate based on organic carrier that might open a possibility to decrease the specific rate of use and the foliar application of such biofungicide. The response of phytopathogenic fungi to toxic compounds released by Trichoderma strains of various taxonomic position as well as the survival of Trichoderma conidia in liquid preparations were examined in model experiments for selection of appropriate strain useable in biocontrol practices [17] .
Here we present our experiences of the development and promising results hoping to promote further work in this field.
Material and Methods

Fungi
The fungi listed in Table 2 were maintained on potato dextrose agar slants at , respectively) was over layered than centrally inoculated with mycelium disc (3.5 mm ∅) cut of three days old colony of phytopathogenic fungi grown up on PDA as above at 22˚C -24˚C. Response of Pythium and Phytophthora was tested on
Biological Tests
Green Pea Agar prepared as described earlier [18] at 15˚C -18˚C. Diameter of colonies was measured 24 and 48 hours later (dT 24 and dT 48 ), and the rate of growth was expressed as a difference between diameters measured, and expressed in percent of diameters of fungi grown on Trichoderma free medium (dC 24 and dC 48 ): Inhibition rate (%) = 100 − [100*(dT 48 − dT 24 )/(dC 48 − dC 24 Survival of Trichoderma in canopy was examined washing the surface of leaves and counting the number of propagules by ten and two-fold dilution series technique on Askew and Lang medium [19] .
Detecting pathogens on pepper field was carried out by traditional manners:
Disease symptoms were evaluated as well as samples of plant organs were taken and surveyed under dissecting microscope. The zoosporangia formed on leaves were transmitted onto the potato discs (cv. Desirée) to detect the presence of P. infestans. The selective media were used to reveal presence of Fusarium [20] , Macrophomina [21] , Pythium [22] and Rhizoctonia [23] was used for differentiation between Pythium and Phytophthora.
Data Analysis
Fisher's test was applied to evaluate significance of differences between variants at p = 0.05 level. The experimental data were analyzed with multivariate statistical methods where the basic data matrix (32 Trichoderma × 13 test fungi) was transformed into probit values. Potency Mapping (PM) and Spectral Component Analysis (SCA) were employed to disclose differences between both antifungal activity of Trichodermas and sensitivity responses of test species following Lewi [24] . The SCA separates the basic data matrix into two part; the first is a vector proportional to overall strength of response (PM), while the second is a matrix of spectral components (SPM) characterizing the spectrum of activity or sensitivity.
The Principal Component Analysis was applied to demonstrate the potential number of factors affecting the selective response of target fungi to toxic principles [24] . Cluster Analysis (CA) was carried out to reveal relationship among spectrum of activities of Trichoderma strains as spectral variables.
Results
The Trichoderma strains broke throw the agar layer after 72 hours in majority of cases, thus the growth of test fungi was altered only by metabolites excreted and diffused throw the agar layer. The growth inhibition rates are compiled in Table  2 . The reproducibility of experiments was good, which means, both test fungi and Trichoderma strains grew near synchronously supporting the reliability of measurements (F replication = 1.91 < F 0,05 = 2.30).
Antifungal Activity of Metabolites Released by Trichoderma Strains
The strength of antifungal activity of Trichoderma metabolites varied in strain dependent manner, and differences between strains of the same species were in the level of differences between strains of strains of various sections ( Figure 1 ). Table 2 . S = see Table 2 . PA, PB and PO are potential activities against asco-, basidio-and oomycetaceous fungi, respectively. PT is the overall potential activity. G1   G2   G1  35  63  42 56  G2  68  60  57 72  Mean   PB  PA  PO PT For example, two strains of T. harzianum (B305 and B428) isolated of R. acerinum exhibited different potential activities against asco-, basidio-and oomycetaceous fungi. Trichoderma strains formed two groups (G1 and G2) when clustered applying selective growth responses of test fungi in dual cultures being the group G2 significantly more active (p = 0.005). The potential host range of these groups also altered being the strains of G1 group more active against asco-while those of G2 against basidiomycetaceous targets (p = 0.001 and 0.08, respectively). However, the subclusters G1 and G2 were formed of strains of various sections, indicating that their taxonomic position did not relate to this groupping.
Sensitivity Response of Test Fungi to Metabolites of Trichoderma Strains
The sensitivity of target species varied within large limits, being the Pythium irregulare the most, while Phytophthora infestans and Macrophomina phaseolina the less tolerant ones among 13 phytopathogenic fungi tested (Table 2) . Three major factors comprised 68% of total variation of SPM as revealed by means of PCA determining the selective response of target species (37, 20 and 9 percent). Plotting target species as spectral variables one compact group was formed and some outliers stand apart (Figure 2 ).
Survival of Trichodermas in Liquid Formulations
The LP PQ was not phytotoxic in therapeutic doses, but commercial LP proved to be harmful when applied as leaf spray independently on the emulsifiers. Both (Table 3) . However, their conidia lost vitality rapidly in commercial Table 2 .
c Limits of time (days) requested for decrease to 100 living cells per ml or destruction of all conidia in the preparation, respectively. pesticides even in cases, when the active ingredient did not possess fungicidal activity due to toxicity of carriers and surfactants [14] or impurities of liquid carriers. We have tested the shelf life of Trichoderma strains storing their conidia in liquid formulations that meet requirements of application (Table 3 ). The surfactants heavily and strain dependent manner influenced the survival of conidia. Nevertheless, some strains exhibited high tolerance, and these were selected for field applications.
Results of Foliar Applications
The liquid formulations were significantly more efficient against rose black spot disease either evaluated by incidence of spots or distribution in canopy, with special regard to T. harzianum strains ( Table 4 ). The strains of phylloplane origin also proved to be more efficient, independently of their taxonomic position, even in solid formulations. However, only two of them were as active as the chemical control (combination of Benlate and Tilt in doses recommended by producers). The amount of liquid formulations to be applied as leaf spray could be reduced in two order of magnitude as compared to the solid preparations to achieve the same effect. The application of optimized liquid preparation based on phylloplane originated T. harzianum that exhibited high activity against some pepper diseases lessened the yield loss to economically acceptable level with significant increase of the quality of product (Table 5 ). The plants were wilted mainly by Macrophomina infection, Rhizoctonia and Fusarium were presented in few suppressed plants as well. The Alternaria infection was sporadic, while Phytophtora, Pythium and TSPW occurred only in control plots. The soil treatment of frames with P408 wettable powder significantly enhanced the quality of fruits. Table 4 . Efficacy of biopreparations against rose black spot disease. The number of fruits harvested.
e Minimum and maximum number of wilted stools of 250 during the vegetation.
Discussion
The present evaluation gave clear indication that the isolates of T. atroviride, T. harzianum and T. parceramosum isolated from bodies of phyllosphere parasiting fungi are strong and virulent antagonists, which can be effectively used in the management of both soil and airborne fungal diseases. Combination of soil application and leaf sprays with Trichoderma based biopreparate appears to be the most effective one, however, the increased quality and quantity of the yield in treated pepper plants may be due to the production of plant growth promoters or through indirect stimulation of nutrient uptake as well. The producton of siderophores also should be taken into consideration.
The effect of Trichoderma against other plant associated microorganisms, especially against those that are beneficial to crops, should also be investigated.
Conclusions
In commercial LP the shelf life of conidia significantly decreased in strain dependent manner, and it was phytotoxic when applied as leaf spray independently on the emulsifiers. Both fungitoxic and phytotoxic contaminants of commercial LP could be eliminated with activated carbon.
The amount of liquid formulation of phylloplane originated T. atroviride, T. harzianum and T. parceramosum strains to be applied as leaf spray could have been reduced in two order of magnitude as compared to the solid preparations to achieve the same effect against rose black spot.
Even one soil treatment with low level of Trichoderma propagules results economically measurable effect on the yield of target plants.
The application of optimized liquid preparation containing carefully selected, phylloplane originated T. harzianum strain lessened the yield loss to economically acceptable level with significant increase of the quality of product and re-sulted impressive increase of financial benefit. Further studies are requested to reveal factors determining the selective response of target fungi as well as selective action of antagonists.
